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Abstract 

The study was centred in Beijing, People’s Republic of China, and comprised 
housewives in one group, primarily for assessing exposures in the home, and 
office Workers in a second group to assess the contribution of the workplace to 
overall exposure. Two hundred and fifty-three randomly selected non-smok¬ 
ing subjects collected air samples near to their breathing zone by wearing per¬ 
sonal monitors for 24 h. Samples collected were analysed for respirable sus¬ 
pended particles (R.SP), nicotine, 3-ethenylpyridine and environmental tobac¬ 
co smoke (ETS) particles using ultraviolet absorbing particulate matter 
(UVPM), fluorescing particulate matter (FPM) and solanesol-related particu¬ 
late matter (SolPM) measurements. Saliva cotinine analyses were also under¬ 
taken to confirm the non-smoking status of the subjects, and a misclassifica- 
tion rate of between 3.4 and 3.8% was estimated. RSP levels were the highest 
reported to date by these authors, with median 24-hour time-weighted average 
concentrations varying between 70 jug-m 3 for housewives living in non¬ 
smoking households and 114 pg-m _s for office workers both living and work¬ 
ing in smoking environments. High background levels of unidentified air¬ 
borne fluorescing compounds in Beijing resulted in abnormally high FPM esti¬ 
mates and precluded the use of this marker in the assessment ofETS exposure. 
The highest exposures to ETS particles (SolPM) and nicotine were estimated 
for office workers living and working in smoking environments. These sub¬ 
jects would potentially inhale between 5 and 11 cigarette equivalents per year 
(CEs/y), based upon median exposures, with the workplace contributing 
approximately 40% of this exposure. The most highly exposed subjects in this 
study, based upon 90th percentile exposures, would potentially inhale between 
32 and 46 CEs/y. 
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Introduction 

Beijing, the capital city of China, is situated in the 
North East of the country and is a political, economic, 
cultural and transportation centre with an urban popula¬ 
tion of nearly 7 million. Over the past 2 decades, econom¬ 
ic growth in China has outstripped the rest of the world, 
rapid industrial expansion being achieved with conse¬ 
quential detrimental effects upon the environment. A 
large amount of the country’s air pollution results from 
the burning of coal, which is used to generate approxi¬ 
mately 80% of the nation’s electricity. Coat is also widely 
available to the general population and is the only source 
of heating and cooking in many households. Air pollution 
in Beijing is exacerbated by industrial pollution from the 
suburbs, wind-blown sand from nearby arid regions, 
large-scale rebuilding works throughout the city and a 
vehicle population of approximately 1V 4 million, increas¬ 
ing by 15% per annum. The China Daily newspaper 
reported on 15th November 1997 that 89% of inhabitants 
were dissatisfied or very' dissatisfied with Beijing’s envi¬ 
ronmental quality, with air pollution listed as the top 
problem. In the last few years, the Chinese authorities 
have been attempting to address environmental issues 
with a wide range of schemes and have set ambitious tar¬ 
gets for sustainable development by early next century. 
During 1997, measures were implemented within, the city 
of Beijing in an attempt to improve air quality, these 
included bans on the sale of leaded petrol, the use of coal- 
fired cooking stoves in the streets and smoking in public 
places. 

Beijing was the fourth Asian. Pacific city investigated 
by the authors, following on from Hong Kong, Kuala 
Lumpur and Sydney [1-3]. Air quality investigations 
have already been reported for the European cities Stock¬ 
holm, Barcelona, Turin, Paris, Bremen, Lisbon, Basel and 
Prague [4-11], 

This study set out to assess the exposure of non-smok¬ 
ers in Beijing to respirable suspended particles (RSP) and 
environmental tobacco smoke (ETS) over 24-hour peri¬ 
ods during October and November 1996. Personal moni¬ 
toring was chosen in preference to static or ambient mea¬ 
surements in order to represent more accurately personal 
exposures to selected pollutants. The main objective of 
this study was to determine accurately exposures to RSP 
and ETS for housewives and office workers in Beijing, to 
be achieved by: (1) recruiting subjects into six separate 
groups (Cells), by random selection from a database repre¬ 
sentative of the population of Beijing; (2) determining the 
range and degree of personal exposure of these Cells of 
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selected subjects to RSP and ETS constituents; (3) assess¬ 
ing the overall contribution of the workplace to ETS and 
RSP exposure. 

ETS particles were estimated using ultraviolet-ab¬ 
sorbing particulate matter (UVPM), fluorescing particu¬ 
late matter (FPM) and solanesol-related particulate mat¬ 
ter (SolPM). Vapour-phase ETS exposures were also as¬ 
sessed by simultaneous measurement of nicotine and 3- 
ethenyipyridine (3-EP) concentrations. Subjects were as¬ 
signed into Cells based upon the smoking status of their 
households and workplaces. Households were classified 
as ‘smoking’ if a smoker of cigarettes, pipes or cigars was 
resident and also normally smoked within communal 
areas of the household. The smoking status of a workplace 
was defined by the absence/presence of smoking co-work¬ 
ers within 30 m of the subject's workstation. These defini¬ 
tions were chosen to represent best ‘real-world’ situations 
and to give consistency across the studies of the other 
cities, since the attitudes of the residents vary consider¬ 
ably from country to country. Subjects provided saliva 
samples for cotinine analysis and also self-reported activi¬ 
ties using diaries and questionnaires. Similar methodolo¬ 
gies have been used iu a number of other recent studies 
[12-15], 

Methods 

Recruitment of Subjects 

Recruitment was performed by Survey Research Group China, a 
leading Asian marketing company, which possesses one of the most 
complete personal databases in the region. A random sample popula¬ 
tion was selected from, the database to comply with the following cri¬ 
teria: (1) all subjects to be non-smokers living within 15 kmofBeijing 
city centre; (2) equal numbers in three age groups: 20-54, 35-49 and 
50-64; (3) subjects’ lifestyles to be representative of the population 
w'ithin 15 km of the city centre; (4) subjects to be distributed between 
six ‘Cells’ as indicated in table i, with office workers targeted for 
Cells 3-6. 

Subjects were recruited from randomly selected addresses and 
were screened by telephone to confirm eligibility for participation in 
the study. Suitable volunteers were given an appointment to attend 
an information'training session organised at the Holiday Inn Crowne 
Plaza, a centrally located hotel in Beijing. 

The Moniwring Session 

Subjects were required to wear a personal monitor, designed to 
collect particulate and vapour-phase components present in the air 
close to their breathing zone [16]. RSP and ETS particles were col¬ 
lected ante a. Fluoropgre membrane filter, nicotine and 3-EP were 
adsorbed onto XAD-4 resin beads. The personal monitoring method¬ 
ology has been described in detail elsewhere [4| and was briefly as 
follows. 

Initial Visit to the Study Centre. On arrival, subjects were shown 
an instructional video, dubbed into Mandarin, which explained the 
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Table 1. Cell categorisation by home 
and workplace status 


Cell 

Study type 

Smoking status 

household 

workplace 

Target 

T 

single monitor 

sm oking 

_ 

55 

2 

single monitor 

non-smoking 


40 

3 

dual monitor 

smoking 

smoking 

45 

4 

dual monitor 

smoking 

non-smoking 

30 

5 

dual monitor 

non-smoking 

smoking 

40 

6 

dual monitor 

non-smoking 

non-smoking 

30 


Table 2. LOQ for the analytical 
methods 


Measurement Analytical LOQ expressed as air Proportion of 

LOQ concentration according to data below 

sampling time, pg'Jtt -33 the LOQ, % 


24 h 15.9 h b 7.3 h c 


RSP 

45,2 ug/filter 

18.2 

27.5 

55.9 

9 

UVPM 

3.23 pg/filter 

0.50 

0.75 

1.5 

1 

FPM 

0.29 pg/filter 

0.52 

0.18 

0.36 

0 

SoiPM 

0.65 pg/filter 

0.26 

0.39 

0.80 

26 

Nicotine 

0.1 M&’.ube 

0.09 

0.13 

0.27 

14 

3-EP 

0.1 pg/tube 

0.09 

0.13 

0,27 

37 

Saliva cotinine 

1.0 ng-ml 1 

- 

- 

- 

53 


a A flow rate of 1.72 I - min- 1 through the Fluoropore filter was assumed in the LOQ calcula¬ 
tion for RSP, UVPM, FPM and SoiPM. The LOQ calculation for nicotine and 3-EP assumed 
a flow rate of O.S litres-min -1 through the XAD-4 tube. 
b Mean time spent outside the workplace for working subjects in Beijing. 
c Mean time spent at work for working subjects in Beijing. 


objectives of the air quality survey. They were also given further 
instructions by locally recruited interpreters regarding use of the 
equipment and how to complete the documentation. Subjects were 
issued with Mandarin language questionnaires and diaries for re¬ 
cording air quality observations over the 24-hour collection period 
and were supervised during completion of the ‘first-visit' question¬ 
naire. In order to avoid misinterpretation and possible errors in 
translation, all questionnaires and diaries were designed for either 
numeric or tick-box answers. Non-working subjects recruited for par¬ 
ticipation in Cells 1 and 2 were provided with a single personal mon¬ 
itor for use over the collection period {single-monitor study). Work¬ 
ing subjects recruited for participation in Cells 3-6 were provided 
with two personal monitors foruse over the same period (dual-moni¬ 
tor study). All subjects were required to provide a saliva sample prior 
to the monitoring period (pre-sample). 

Final Visit to the Study Centre- Following completion of the 24- 
hour monitoring period, subjects returned their personal monitors 
and associated documentation to the study centre. Subjects also pro¬ 
vided a second saliva sample (post-sample), completed a ‘last-visit’ 
questionnaire and received a gratuity as compensation for their 
inconvenience. 


A nalyticol Procedures 

All analytical procedures were validated and have been fully 
described previously by the authors {4J. In this study, the following 
analytes were determined^ (1) RSP - using a gravimetric procedure 
[17]; (2) saliva cotlnine - using a radioimmunoassay procedure (I8j; 
(3) nicotine and 3-EP - using a capillary gas chromatography proce¬ 
dure with nitrogen-specific detection (19]; (4) estimation of ETS par¬ 
ticles (3 procedures) - using high-performance liquid chromatogra¬ 
phy procedures to determine UVPM, FPM or SoiPM ofmelhanolic 
filter extracts [4,17j. The factors used in this study to convert instru¬ 
ment responses into an equivalent concentration of ETS particles 
were 43 (SoiPM), 45 (FPM) and 8.2 (UVPM), as determined by Nel¬ 
son et al. [20], 

The analytical limits of quantification (LOQ) for these analyses 
are presented in table 2, together with the proportion of data below’ 
the LOQ. The analytical LOQ for RSP (45.2 jig) was calculated from 
the weights of blank samples [4] and was somewhat higher than those 
found in other cities in this series of studies (mean 23.6 ug). The rea¬ 
sons for the high LOQ were not fully investigated as the proportion of 
data below the LOQ (8-9%) was lower than that found in the majority 
of other cities studied (mean 17.2%). It was therefore believed that 
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Table 3. Age and sex distribution for 
study subjects 


Celt 

Sex 


Age range 


Overall 

males 

females 

20-34 

35-49 

50-64 

c total 

1 (SH) 

_ 

56 

16 

20 

20 

56 

2 (NSH) 

- 

46 

S 

9 

29 

46 

3 (SH,SW) 

21 

25 

IS 

IS 

10 

46 

4 (SH, NSW) 

10 

21 

13 

14 

4 

31 

5 (NSH, SW) 

30 

17 

19 

19 

9 

47 

6 (NSH, NSW) 

13 

14 

10 

9 

S 

77 

Single-monitor total 


102 

24 

29 

49 

102 

Dual-monitor total 

74 

77 

60 

60 

31 

151 

Overall total 

74 

179 

84 

S9 

80 

25.> 


SH = Smoking household; NSH - non-smoking household, Sw = smoking workplace; 
NSW = non-smoking workplace. 


the higher LOQ for RSP in Beijing would have no significant effect 
upon che reported results. In order to calculate summary' statistics for 
all analytes, any data below the analytical LOQ were assigned a valtie 
of '/jLOQ prior to the calculation of air concentrations using the 
appropriate air sampling volume. The LOQ expressed as air concen¬ 
trations in table 2 are therefore only an approximation as they varied 
for each sample depending upon the sampling pump flow rate and 
monitoring time. It should be recognised that the application of 
V*LOQ values precludes the assignment of a ‘zero’ air concentration, 
thus causing an apparent exposure concentration of all analytes in all 
locations. In the Cells where the majority of data were below the 
LOQ, median reported values could cither underestimate (where 
data were close to the LOQ), or overestimate (where data were dose 
to zero) the 'true' concentrations. 


Results and Discussion 

Subject Recruitment 

Of the 265 subjects that were initially recruited for the 
study, 1 was excluded after admitting to smoking during 
the sampling period. A further 2 subjects were excluded as 
they had operated the monitoring equipment incorrectly 
during the sampling period and 9 subjects were excluded 
because their saliva cotin in e levels were above the select¬ 
ed threshold (25 ng-ml -1 ) for non-smokers. 

The age and sex distributions of the remaining 253 
subjects who successfully completed the study are pre¬ 
sented in table 3. The sex distribution was very close to 
the planned 50% per sex for office workers in the dual¬ 
monitor study (49% male, 51 % female). The age distribu¬ 
tion for office workers showed some variation from the 
planned 33% for each age group, with 79 % of the recruits 
falling into the two youngest (20-34 and 35-49 years) age 
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Table 4. Occupations of recruited working subjects 


Occupation 

Responses 

Administralive/secretarial 

48 

Building/constrviction 

3 

Education 

5 

Engineering 

9 

Government agency (civil service) 

23 

Legnl/ftnartcial (e.g, solicitor, banker) 

17 

HoteLTestaurant/ieisure industry 

4 

Medical (e.g. doctor, nurse) 

4 

Wholesale/retail (e.g. shop assistant) 

6 

Science/computmg 

15 

Supply industry 

2 

T ran sportat io n fh au \ age 

0 

Other 

12 

Total 

148 


groups. This trend was reversed for housewives in the sin¬ 
gle-monitor study, where 76% of the recruits were aged 
between 35 and 64 years. The dual-monitor study partici¬ 
pants were also questioned about their occupation on the 
‘first-visit’ questionnaire. Subjects were restricted to a 
choice of 13 options from which to select and provide 
their answers as summarised in table 4. 

Verification of Non-Smoking Status 

Saliva cotinine levels were determined in order to veri¬ 
fy that recruited subjects had correctly reported them- 
seLves as non-smokers. In this study, 25 ng-mH (maxi- 
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Fig. 1. Subjective responses to question: 
‘in which environment do you think that you 
arc exposed to the most tobacco smoke in the 
air?’. 



Fig. 2. Cumulative frequency distribu¬ 
tions of all environmental tobacco smoke 
‘marker’ concentrations. 



mum of pre- and post-levels) was chosen as a suitable cut¬ 
off level to differentiate between smokers and non-smok¬ 
ers, a level used and described previously in a British 
study [21]. Using this threshold, 9 subjects with a concen¬ 
tration of cotinine between 25.5 and 121 ng-ml' 1 (median 
53 ng'iril -1 ) were assumed to be smokers and were ex¬ 


cluded from the study. A further subject was excluded 
after admitting to smoking during the sampling phase of 
the study. 

Previously, vve have discussed some of the various cri¬ 
teria uSed to assess the rate at which recruited subjects 
misreport their smoking status [6], Depending upon the 
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Table 5. Correlation coefficients for 

ETS'markers'using only data greater than ‘ Y ’ data vs - ‘ X ’ data Data pairs R* Gradient Intercept 


FPM 

UVPM 

391 

0.745 

1.16 

20.8 

SolPM 

UVPM 

294 

0.703 

0.65 

-20.8 

SolPM 

FPM 

294 

0.350 

0.35 

-13.0 

3-EP 

nicotine 

241 

0.742 

0.LS 

0.34 

FPM 

nicotine 

330 

0.086 

5.85 

79.4 

SolPM 

nicotine 

276 

0.480 

10.3 

0.43 

UVPM 

nicotine 

329 

0.227 

7.15 

45.6 

SolPM 

3-EP 

222 

0.516 

40.7 

-6.S5 

FPM 

3-EP 

241 

0.143 

34.2 

69. S 

Post-cotinine 

SoiPtvI 3 

83 

O.I36 

0.020 

1.90 

Post-cotinine 

FPiVP 

115 

0.024 

0.004 

1.94 

Post-cotinine 

nicotine" 

97 

0.368 

0.44 

1.34 

Post-cotinine 

3-EP" 

74 

0.415 

1.64 

1.08 


1 TWA concentrations used for working subjects (Ce)ls 3-£>) having results from both the 
‘workplace’ and ‘outside of the workplace' monitors greater than the LOQ. 


criteria used, the rate at which subjects misclassified their 
smoking status in this study ranged between 3.4% (9 from 
262) and 3.8% (10 from 263). 

Subjective Comparisons ofETS Exposure 

As part of the last-visit’ survey, the participants were 
asked a number of subjective questions regarding their 
exposure to ETS, both in general and during the 24-hour 
monitoring period. The environments assessed by sub¬ 
jects as being the single location where they were most 
exposed to ETS are depicted in figure 1. This shows that 
the largest percentage of recruited subjects believed that 
they were most exposed whilst outdoors. The same obser¬ 
vation was apparent in the other Asian cities studied by 
us, but was somewhat different to the findings for the 
European cities, where outdoor locations were not per¬ 
ceived as a major source ofETS. The perception of out¬ 
doors being the major source ofETS exposure is likely to 
be a reflection of the generally poor air quality in Beijing. 
The indoor location generally perceived to contribute 
most to ETS exposure was the workplace, closely followed 
by the home. In all other cities studied by the authors, 
restaurant or bar areas were considered to be the places 
with highest indoor ETS exposures. Bars and restaurants 
are less common in Beijing, which may explain why sub¬ 
jects in this study perceived low ETS exposure in these 
locations. 


Comparison of'Markers'for Estimating ETS 

Concentrations 

Cumulative frequency distributions for all analytes 
measured in this study are presented in figure 2 and show 
an overall trend of RSP> FPM >UVPM >SolPM for the 
particulate matter determinations. This trend differs 
from the expected trend of RSP > UVPM > FPM > 
SolPM [17], suggesting the presence of higher levels of 
fluorescing compounds in the particulate phase than have 
been observed previously by the authors. 

The correlation and best-fit line coefficients between 
various analytes, after removal of data pairs where either 
analyte was below the LOQ, are listed in table 5. In con¬ 
trast to previous studies, only a moderate correlation 
(R~ = 0-75) was found between UVPM and FPM esti¬ 
mates. Additionally, SolPM was better correlated with 
UVPM (R 2 = 0.70) than with FPM (R 2 = 0.35). In pre¬ 
vious cities studied by the authors, median FPM levels for 
the various Cells have been an average of 3.6 times higher 
than corresponding SolPM levels. In this study, the ratio 
of median FPM/SolPM was at an average of 41 for the six 
Cells investigated. These calculations indicate the pres¬ 
ence of high levels of non-iobacco-related fluorescing 
compounds in the air in Beijing during the study. No 
attempt was made to identify the fluorescing compounds 
or to determine their origin, but likely sources are the high 
domestic and commercial use of coal, together with gener¬ 
al industrial pollution. 

Post-cotinine concentrations were poorly correlated 
with particulate-phase ETS measurements and only 


i 
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Table 6. Twenty-four-hour TWa panicle concentrations for all subjects 


Analyte, 

gg-m." 5 

Cell 

Subjects 

10th 

percentile 

90th 

percentile 

Arithmetic 

mean 

Geometric 

mean 

Median 

RSP 

l [SH) 

56 

38 

221 

123 

" 100 

102 


2 (NSH) 

45 

26 

161 

84 

69 

70 


3 (SH, SW) 

43 

57 

241 

134 

117 

114 


4 (SH, NSW) 

28 

48 

198 

111 

99 

93 


5 (NSH, SW) 

45 

57 

188 

113 

101 

100 


6 (NSH, NSW) 

25 

44 

226 

119 

92 

95 

SolPM 

1 (SH) 

56 

0.28 

67 

22 

5.1 

8.3 


2 (NSH) 

45 

0.13 

2.9 

3.4 

0.58 

0.55 


3 (SH, SW) 

44 

2.2 

70 

29 

II 

12 


4 (SH, NSW) 

28 

0.6S 

24 

to 

4.2 

3,3 


5 (NSH. SW) 

46 

0.54 

38 

12 

4.6 

4.9 


6 (NSH, NSW) 

26 

0.26 

5.3 

2.7 

0.91 

0.80 

FPM 

1(SH) 

" 56 

19 

164 

99 

65 

60 


2 (NSH) 

45 

12 

120 

64 

47 

60 


3 (SH, SW) 

44 

30 

216 

100 

76 

73 


4 (SH, NSW) 

27 

20 

J47 

79 

65 

74 


5 (NSH. SW) 

46 

29 

140 

79 

64 

72 


6 (NSH, NSW) 

26 

22 

115 

74 

57 

69 

UVPM 

i (SH) 

56 

12 

130 

59 

42 

44 


2 (NSH) 

45 

9.4 

59 

32 

25 

26 


3 (SH. SW) 

44 

22 

177 

73 

53 

49 


4 (SH, NSW) 

28 

20 

98 

51 

42 

44 


5 (NSH, SW) 

46 

19 

84 

50 

39 

42 


6 (NSH, NSW) 

26 

H 

74 

37 

29 

31 


TWA concentrations, determined for each subject from measured levels both inside and outside the workplace, 
were used to calculate the above statistical parameters for Cells 3-6. 

SH - Smoking household; NSH = non-smoking household; SW - smoking workplace; NSW = non-smoking work¬ 
place. 


slightly better with the vapour-phase markers, nicotine 
and 3-EP. These poor correlations may be due to the large 
proportion of the results close to the LOQ, where accepta¬ 
ble assay reliability is at a minimum. It was observed that 
both codnine and SolPM correlated slightly better with 
3-EP than with nicotine, possibly highlighting the suit¬ 
ability of 3-EP [22] as an ETS marker. Considerable bene¬ 
fits may be gained by the development of robust analyti¬ 
cal methods, with considerably improved sensitivity, for 
both cotinine and 3-EP; currently many determinations 
for these analytes are close to or below the LOQ. 

Concentrations of ETS Constituents to Which Beijing 

Subjects Were Exposed- 

In this paper, median values have been used for report¬ 
ing RSP and ETS marker concentrations, since (he data 


generated were highly skewed. Additionally, arithmetic 
and geometric means have been quoted together with 
LOth and 90 th percent devalues for each dataset. ETS par¬ 
ticle exposures, corresponding cigarette equivalent <CE) 
calculations and comparisons between subject groups and 
Cells have been based solely upon SolPM determinations. 
Previously, these authors have suggested that SolPM val¬ 
ues may underestimate ETS particle concentrations at 
low levels [6] and have also published data based upon 
FPM values for comparison. The requirement for Careful 
data review and the use of multiple ‘markers’ in ETS 
exposure studies are highlighted by the fact that median 
FPM levels recorded in Beijing were higher than those 
recorded in any comparable study to date. For this study, 
it was'considered inappropriate to calculate ETS particle 
exposures from FPM measurements due to the high level 
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Table 7. Cotinine and 24-hour TWA nicotine and 3-EP concentrations for all subjects 


Analyte 

Cell 

Subjects 

10th 

percentile 

90th 

percentile 

Arithmetic 

mean 

Geometric 

mean 

Median 

Nicotine 

S (SH) 

54 

0.19 

3.6 

1.7 

0.92 

1.3 

jig'in"* 

2 (NSH) 

44 

0.05 

0.72 

0.38 

0.18 

0.15 


3 (SH, SW) 

42 

0.58 

4.6 

2.5 

1.8 

1.8 


4 (SH, NSW) 

25 

0.26 

2.4 

1.2 

0.80 

0.9! 


S (NSH, SW) 

45 

0.33 

2.S 

O 

0.82 

0,77 


6 (NSH, NSW) 

26 

0.10 

0.83 

0.34 

0.25 

0.25 

3-EP 

1 (SH) 

54 

0.06 

1.00 

0.53 

0.32 

0.38 

UB-ur 1 

2 (NSH) 

44 

0.04 

0.24 

0.13 

0.08 

0.06 


3 (SH, SW) 

42 

0.25 

1.3 

0,82 

0.59 

0-53 


4 (SH, NSW') 

25 

0.11 

0.80 

0.41 

0.30 

0.32 


5 (NSH, SW) 

45 

0.14 

0.91 

0.44 

0.31 

0.28 


6 (NSH, NSW) 

26 

0.08 

0.59 

0,21 

0.15 

0.11 

Cotinine* 

1 (SH) 

56 

0.50 

2.5 

1.4 

1.1 

1.0 


2 (NSH) 

46 

0.50 

1,3 

0-7 

0.62 

0,50 


3 (SH, SW) 

45 

0.50 

4.1 

2.2 

1.6 

1.9 


4 (SH, NSW) 

31 

0.50 

2.5 

1.4 

1.0 

0.93 


5 (NSH, SW) 

46 

0.50 

2.3 

1.2 

0.94 

0.S1 


6 (NSH, NSW) 

27 

0.50 

2.1 

1.5 

0.84 

0.50 


TWA concentrations, determined for each subject from measured levels both inside and outside the workplace, 
were used to calculate the above statistical parameters for Cells 3-6. 

SH = Smoking household; NSH = non-smoking household; SW = smoking workplace; NSW = non-smoking work¬ 
place. 

1 Values calculated from the average of pre-and post-monitoring saliva cotinine concentrations. 


of'interference' from other sources. A future approach for 
monitoring ETS exposure may be to identify additional 
tobacco-specific particulate-phase compounds, and to de¬ 
velop more sensitive and specific analytical methodolo¬ 
gies than tiiose currently available for solanesol. 

Particulate- and vapour-phase components measured 
for housewives were compared, by Cell, with calculated 
time-weighted average (TWA) concentrations for individ¬ 
ual workers. These calculations were based on measured 
concentrations and the operational time over which the 
monitors were used inside and outside the workplace. 
These data are summarised in tables 6 and 7, with corre¬ 
sponding cumulative frequency distributions for SolPM 
and nicotine shown in figures 3 and 4. A generalised over¬ 
view of these data suggests that levels for all analytes were 
highest in the group with two known ETS exposure 
sources (Ceil 3). Conversely, the levels of all analytes, with 
the exception of FPM, were lowest in the groups with no 
known ETS exposure (Cells 2 and 6). It can also be seen 
that the ratios of median concentrations for Cell 3 versus 
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either Cells 2 or 6 were in the order SolPM > nicotine > 
3-EP > cotinine > UVPM > RSP > FPM. This may be 
taken to be the order of specificity of the various analytes 
to ETS in Beijing. 

As the data were not normally distributed, the signifi¬ 
cance of any concentration differences between Cells was 
examined using the non-parametric Wilcoxon rank sum 
test. Prior to the application of this test, Kniskal-Wallis 
non-parametric analysis of variance (ANOVA) was ap¬ 
plied to the data in order to ensure that there was an over¬ 
all difference between the Cells. For FPM, the overall 
Kruskal-Wallis analysis proved non-significant (p> 0.05) 
and the Wilcoxon rank sum test was not performed as 
there would have been the possibility of false positives. 
The lack of any statistical difference in FPM concentra¬ 
tions between the six Cells indicates the presence of high 
background concentrations which masked any effects re¬ 
lated to the presence or absence of tobacco smoke. This 
observation further highlights the unsuitability of FPM as 
an ETS marker in this study and may also indicate the 
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Fig. 3. Cumulative frequency distribu¬ 
tions of ETS particle (SolPM) concentra¬ 
tions. Cell 1 = smoking home; Cell 2 = non¬ 
smoking home; Cell 3 = smoking home/ 
smoking workplace; Cell 4 = smoking home/ 
non-smoking workplace; Cell 5 = non-smok¬ 
ing home/smoking workplace; Cell 6 = non¬ 
smoking home/non-smoking workplace. 



Fig. 4. Cumulative frequency distribu¬ 
tions of nicotine concentrations. Cell I = 
smoking home; Cell 2 = non-smoking home, 
011 3 = smoking home/smoking workplace; 
Cell 4 = smoking home/non-smoking work¬ 
place; Ceil 5 = non-smoking home/smoking 
workplace; Ceil 6 = non-smoking homc/non- 
smoking workplace. 
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Tables. Significance of differences in 
ETS marker concentrations between Cells 
based upon Kruskal-WallisANOVAand 
subsequent Wilcoxon rank sum test 



Median 

Cell 1 

Cell 2 

Cell 3 

Cell 4 

Cell 5 

Cell 6 

102 

70 

114 

93 

100 

95 

RSP vs. Cell 1 

102 

_ 






vs. Cell 2 

70 

ft* 

- 





vs. Cell 3 

114 

NS 

ft** 

- 




vs. Cell 4 

93 

NS 

* 

NS 

_ 



vs. Cell 5 

too 

NS 

* 

NS 

NS 

- 


vs. Cell 6 

95 

NS 

NS 

NS 

NS 

NS 

- 


Median 

8.3 

0.55 

12 

3.3 

4.9 

0.80 

SolPM 








vs. Cell 1 

8.3 

- 






vs. Cell 2 

0.55 


- 





vs. Cell 3 

12 

NS 

ft** 

- 




vs. Cell 4 

3.3 

NS 

*** 

* 

- 



vs. Cell 5 

4.9 

NS 

ft 

* 

NS 

- 


vs. Cell 6 

0.80 

*** 

NS 

+ + * 

*** 

ft** 

- 


Median 

1.3 

0.15 

1.8 

0.91 

0.77 

0.25 

Nicotine vs. Cell 1 

1.3 

_ 






vs. Cell 2 

0.15 

+** 

- 





vs. Cell 3 

1.8 

*★ 

*** 

- 




vs, Celt 4 

0.91 

NS 

ft** 

ft* 

- 



vs. Cel! 5 

0.77 

NS 

ft** 

ft** 

NS 

- 


vs. Cell 6 

0.25 


NS 

*** 

ft** 

♦ ft* 



Median 

t.O 

0.50 

1.9 

0.93 

0.81 

0.50 

Cotinine vs. Cell t 

1.0 







vs. Cell 2 

0.50 

*** 

- 





vs. Cell 3 

1.9 

** 

*** 

- 




vs. Cell 4 

0.93 

NS 

ft** 

ft* 

- 



vs. Cell 5 

0.81 ' 

NS 

ft* 

ft* ft 

NS 

- 


vs. Cell 6 

0.50 

ft 

NS 

ft** 

NS 

NS 


Cell t = Smoking household; Cell 2 = non-smoking household; Cell 3 

= smoking house- 

hold/smoking workplace; Cell 4 = smoking househoid/non-smoking workplace; Cell 5 

=* non- 

smoking houschold/smoking workplace; Cell 6 - non-smoking household/non-smoking work- 

place; NS = not significant (p> 0.05). 






* p s; 0.05; ** p 

0.01; ***p -s 

,0.001. 







pervasion of outdoor air into the indoor locations studied 
in Beijing. For all the other analytes investigated, the 
fCruskal-Wallis ANOVA provided evidence of a signifi¬ 
cant overall difference between Cells, and subsequent 
pairwise comparisons of Cells were performed using the 
Wilcoxon rank sum test (table 8). Since Cell comparisons 
using UVPM measurements were virtually identical to 
those for RSP, highlighting the non-tobacco-specific na¬ 
ture of this marker in Beijing, Wilcoxon rank sum test 


findings were not reported for UVPM. Similarly, compar¬ 
isons using 3-EP were not reported, the behaviour of this 
analyte closely mimicking that reported for nicotine. 

Median 24-hour TWA RSP concentrations found in 
this study varied between 70 and 114 jig*m -3 , with Cell 2 
(housewives from non-smoking homes) being the only 
Ceil with concentrations significantly lower than any oth¬ 
ers. These concentrations were the highest we have found 
to date and were up to 5.3 times higherthan median levels 
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in any of the European or other Asian cities studied. They 
were also up to 6.4 times higher than those found in the 
recent 16-city US study [13]. Particles collected for RSP 
determination in this study had a median cut-off point of 
approximately 3.5 pm (PM3.5). It was noted that over 90% 
of subjects from smoking workplaces {Cells 3 and 5) in 
Beijing were exposed to 24-hour TWA RSP levels above 
50pg-m~ 3 . The proposed European threshold limit for 
particulates (PM 10 ) is 50pg-m~ 3 , which level should not 
be exceeded more than 7 times in a year. 

The highest median level of ETS particles (SolPM) was 
determined for subjects living in Smoking households and 
working in smoking workplaces {Cell 3, 12 pg-m -J ). The 
concentrations found for Cell 3 were not significantly dif¬ 
ferent (p >0.05) from those found for Cell 1 (housewives 
from smoking households), but were significantly higher 
(p s 0.05) than all other Cells. In all other cities previous¬ 
ly studied by the authors, subjects in Cell 3 have been 
exposed to the highest levels of ETS particles, with me¬ 
dian levels in Europe varying from 3.0 pg-trr 3 in Stock¬ 
holm to 35 pg-m -3 in Barcelona. The concentrations 
found for Cell 3 in the other Asian cities studied were con¬ 
siderably lower than those found in Beijing, with median 
levels of 2.6 pg-m -3 and 1.5 pg-m~ 3 found in Hong Kong 
and Kuala Lumpur, respectively. Housewives from non¬ 
smoking homes (Cell 2), and workers living and working 
in non-smoking environments (Cell 6) were exposed to 
the lowest levels of ETS particles in this study, with 
median values below 1 pg*irr 3 . Overall, the median levels 
of ETS particles found for the various Cells in Beijing 
appeared to more closely resemble those Found in Europe, 
in particular in Turin, Paris and Prague, and were consid¬ 
erably higher than those found in other Asian cities or in 
the recent 16-city US study [13]. Median ETS particle lev¬ 
els for the highest exposed group (Cell 3) in Beijing repre¬ 
sented less than 11 % of total RSP. Previously, we had 
found a 34% contribution of ETS particles to RSP in Bar¬ 
celona [5], the European city with the highest measured 
ETS and RSP levels. This indicates that RSP from sources 
other than ETS should be reduced in order to effect the 
greatest benefit in Beijing’s air quality. 

The highest median nicotine concentration (l.Spg- 
m -3 ) was again found for Cell 3, with measured levels 
being significantly higher {p £ 0.01) than for all other 
Cells. The lowest levels were measured for Cell 2, house¬ 
wives living with non-smokers (median 0.15 pg-m -3 ), 
although these were not significantly different (p > 0.05) 
from Cell 6 (median 0.25 pg-m -3 ). 


Saliva Cotinine 

Saliva cotinine concentrations, expressed as an average 
of pre- and post-monitoring levels, are reported by Cell in 
table 7. The measured concentrations mirrored those for 
SolPVt and nicotine, with office workers living and work¬ 
ing with smokers (Cell 3, median 1.9 ng-mH) having sig¬ 
nificantly higher (p £ 0.01) levels than all other Cells. 

It was not intended that cotinine should be used as 
either a qualitative or quantitative marker for an individ¬ 
ual’s ETS exposure in this study, and over half of the sam¬ 
ples analysed had cotinine concentrations below the LOQ 
(1.0 ng-mi -i ). However, the median levels reported were 
consistent with the measured levels of ETS particles and 
nicotine, suggesting the applicability of saliva cotinine 
measurements as a marker for ETS exposure in a study 
population. The use of a method with an improved LOQ 
may provide, for example, statistical significance between 
groups of subjects with low levels of exposure (e.g. Ceils 5 
and 6). Cotinine measurements used for ETS exposure 
estimates inherit the inadequacies of nicotine behaviour 
[23] and a number of other uncertainties including dietary 
influences [24] and metabolic differences [25, 26], In 
addition, there is no validated analytical method in the 
public domain suitable for the quantification of cotinine 
in saliva, or other body fluids, at concentrations below 
0.1 ng-mH. Bemert et al. [27] have recently reported a 
method for the determination of cotinine in human serum 
with a claimed limit of detection of 0.05 ng-mi -1 . Based 
upon their reported data, this method would appear to 
have an LOQ of approximately 0.2 ng-mH, which repre¬ 
sents a significant improvement on published methods to 
date. 

Exposures to RSP, ETS Particles and Nicotine 

The term ‘exposure’ is frequently used in the scientific 
literature, often in a way that is confusing and subject to 
numerous definitions. When used in studies relating to 
airborne pollutant concentrations, exposure is normally 
determined by fixed-site monitoring over standard time 
periods, in the context of this series of personal monitor¬ 
ing studies, where concentrations cannot be directly relat¬ 
ed to a specific environment, we have used the term ‘po¬ 
tential inhaled quantity’ (P1Q), a measure of‘total expo¬ 
sure’. PIQs were calculated as the product of the analyte 
concentration, the length of time the individual was sub¬ 
jected to such concentration and the breathing rate main¬ 
tained throughout the period. Zartarian et al, [28] have 
recently reviewed the literature relating to exposure defi¬ 
nition's and have proposed a glossary of terms to establish 
a common language. According to their proposals, the 
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term ‘Intake dose’ is equivalent to P1Q as used in this 
study. Where PIQs have been quoted in terms of CEs, 
these have been calculated in relation to the mainstream 
panicle (tar) and nicotine yields of typical cigarettes; it is 
recognised, however, that the particle phases of ETS and 
mainstream smoke differ considerably in composition 
and particle size. The nicotine and particulate yields of 
local Chinese cigarettes were not available, and the values 
of 12 mg ETS particles and 1 mg nicotine were used. 
These substituted values were calculated from the mean 
yields of the top six selling cigarette brand types in each of 
the eight European countries we have studied. In this 
paper, calculated CE values aTe used solely for conceptual 
comparison of PIQs between groups of non-smokers. In 
this context, the factor used to relate exposures of non- 
smokers to smokers [29] was not required. 

The PIQs during the monitoring period were calcu¬ 
lated using the same procedures as previously [1,2,9-11]. 
The concentrations and sampling times for each subject 
were determined front their individual monitors and an 
‘awake’ breathing rate of 0.65m 3< h _1 for females and 
1.05 m-Th -1 for males [30] was assumed at all times. 
These ‘awake’ breathing rates were calculated as the aver¬ 
age of typical ‘light-work’ and ‘rest’ breathing rates. It is 
recognised that breathing rates will be lower when sub¬ 
jects are asleep; however, at these times, the ETS concen¬ 
trations may be lower than the TWA concentrations, as 
determined by their personal monitor, due to the absence 
of active smoking. Conversely, breathing rates will be 
higher during any period of activity, and these periods 
may correspond to higher ETS concentrations. Median 
and 90th percentile PIQs were subsequently calculated 
for each Cell from these individually calculated values in 
order to represent ‘typical’ and ‘highly exposed’ subjects, 
respectively. Daily PIQs of RSP, ETS particles and nico¬ 
tine, calculated for each Cell as detailed above, are sum¬ 
marised in table 9. A comparison ofPIQsforCel!s4and 5 
would suggest that, on a daily basis, the ETS exposure 
contribution from a smoking workplace is greater than 
that of a smoking home in Beijing. 

In order to estimate annual exposure, separate proce¬ 
dures were adopted for housewives and for workers. The 
annual PIQ for each housewife (Cells 1 and 2) was calcu¬ 
lated by assuming they were exposed to their measured 
concentrations for an entire year, and that a breathing rate 
of 0.65 tiri-h" 1 was maintained at all times. For workers 
(Cells 3-6), the annual PIQ for each subject was calcu¬ 
lated from the data provided by the separate monitors 
worn in the workplace and away from the workplace. 
Male and female working subjects were assumed to have 
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Tables. Estimated PIQs for all subjects during the 24-hour mon¬ 
itoring period 


Cell 

RSP 

ng 

ETS particles 
MB 

Nicotine 

US 

Median PIQs 

1 (SH) 

1.607 

131 

21 

2 (NSH) 

1,089 

8.6 

2,4 

3 (SH, SW) 

2,172 

192 

32 

4<SH, NSW) 

1.908 

60 

14 

5 (NSH, SW) 

2.183 

105 

15 

6 (NSH, NSW) 

1.445 

12 

5.0 

90th percentile PIQs 

1 (SH) 

3.516 

1,051 

56 

2 (NSH) 

2,416 

45 

11 

3 (SH, SW) 

4,148 

1,354 

87 

4 (SH, NSW) 

3,404 

493 

58 

5 (NSH, SW) 

4,729 

917 

63 

6 (NSH, NSW) 

4,582 

110 

15 


PIQs were calculated for each individual using the sampling 
times and air concentrations determined from their individual moni¬ 
tors. A breathing rate of 0.55 nP-h' 1 was assumed for females and 
1.05 nP'tr 1 for males at all times. 

SH = Smoking household; NSH = non-smoking household; SW - 
smoking workplace; NSW = non-smoking workplace. 


breathing rates of 1.05 m J -h _1 and 0.65 m ; -h -1 , respec¬ 
tively, at all times and to spend 35 h per week and 48 
weeks per year in the workplace. Calculation of annual 
PIQs for all subjects assumed no variation in ETS marker 
concentrations throughout the year, including weekends, 
from those measured during the monitoring period. Me¬ 
dian and 90th percentile PIQs by Cell, calculated from the 
estimated annual PIQs, using the above assumptions, are 
reported in table 10 together with estimates of ETS parti¬ 
cle and nicotine PIQs in terms of CEs, 

Ranking Cells by median for annualised ETS particle 
and nicotine PIQ shows Cell 3 > Cell 1 > Ceil 5 > Cell 4 > 
Cell 6 > Cell 2. With the exception of Cell 1, this ranking 
was very similar to that found by us in most of the other 
cities studied. Housewives from smoking homes (Cell 1) 
had previously been found to be ranked 3rd or 4th in the 
Other cities we studied. Cell 1 subjects in Beijing would 
therefore appear to have higher exposures to ETS relative 
to similar subjects in other cities. Based upon median 
PIQs of ETS particles and nicotine (table 10), the most 
exposed subjects would potentially inhale between 5 and 
11 CEs per year (CEs/y), and the least exposed, house¬ 
wives living with non-smokers, would receive consider- 


tndoor Biiili Environ 1998;7:234-269 2 6 5 


PM3006485052 


Source: https://www.industrydocuments.ucsf.edu/docs/jshj0001 



Fig, 5. Estimated annual CE distribu¬ 
tions for housewives, a Cell t (smoking 
home), b Ceil 2 (non-smoking home). 



Table 10. Estimated annual PIQs for all 

subjects Annual PIQ, mg CEs 



RSF 

ETS 

particles 

nicotine 

ETS 

particles 

nicotine 

Median PIQs 
l (SH) 

584 

48 

7.7 

4.0 

7.7 

2 (NSH) 

396 

3.2 

0.85 

0.26 

0.85 

3 (SH, SW) 

776 

60 

11 

5.0 

11 

4 (SH, NSW) 

710 

27 

5.5 

2.3 

5.5 

5 (NSH, SW) 

812 

30 

4.6 

2.5 

4.6 

6 (NSH, NSW) 

576 

4.9 

1.4 

0.41 

1.4 

90th percent He PIQs 

1 (SH) 

1,259 

381 

20 

32 

20 

2 (NSH) 

917 

16 

4.1 

1.4 

4.1 

3 (SH, SW') 

1,720 

549 

32 

46 

32 

4 (SH, NSW) 

1,278 

204 

20 

17 

20 

5 (NSH, SW) 

1,739 

235 

14 

20 

14 

6 (NSH, NSW) 

1,730 

32 

4.1 

2.6 

4.1 


Breathing rates of 0.65 m 5 -h' ! for females and 1.05 m-’-lf 1 for males were assumed at all 
times. Annual PIQs for subjects in Cells 1 -2 were calculated from their measured air concen¬ 
trations as follows: Individual annuaiPIQ = air concentration x (0.65) x 24 x 365. 

ETS marker concentrations for workers at work and outside the workplace were calcula¬ 
ted from the data provided by the ‘work 1 and ‘home’ monitors. Annual PIQs for individuals 
in Cells 3-6 were calculated as follows, assuming a 35-hour working week and 48-week wor¬ 
king year with the remainder of the time spent outside the workplace: Individual annual PIQ 
= ‘work’ concentration x (0.65 or L .05) x 35 x 48 + 'home' concentration x (0.65 or 1.05) 
x [(24 x 365)-(35 x 48)]. 

Median and 90th percentile data were determined for each cell from the individual PIQs 
as determined above. 

SH = Smoking household; NSH = non-smoking household; SW = smoking workplace; 
NSW-nonsmoking workplace. 
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Fig. 6. Estimated annual CE distribu¬ 
tions for office workers, a Cell 3 (smoking 
home/smoking workplace), b Cel! 4 (smok¬ 
ing home/non-smoking workplace), c Cell 5 
(non-smoking home/smoking workplace), 
d Cell 6 (non-smoking home/non-smoking 
workplace). 



ably less than 1 CE/y. The most highly exposed (90th per¬ 
centile levels) non-smokers in this study, workers who 
lived and worked with smokers, would potentially inhale 
to between 32 (nicotine) and 46 (SolPM) CEs/y. Con¬ 
versely, if they came from non-smoking households and 
workplaces, they would receive less than 4.1 CEs/y. 

The distributions of estimated annual PIQs of ETS 
particles and nicotine for housewives and office workers, 
by Cell, are depicted in figures 5 and 6. The data for 
SolPM and nicotine have been normalised to depict PIQs 
in terms of CEs/y, and both show a very wide range of 


ETS Exposure in Beijing 


estimated exposures. The two estimates show different 
distribution patterns, with SolPM estimates being consid¬ 
erably ‘flatter’ and covering a somewhat wider range than 
those for nicotine. These observations indicate the need to 
obtain ETS exposure data using several different mea¬ 
sures wherever possible. Currently, the available markers 
provide estimates, and further research may provide the 
‘ideal’ marker. These Figures also highlight the potential 
error in using any point estimate (e.g. median) for report¬ 
ing exposure data, and may indicate that simple exposure 
calculations, as performed in this and other similar stud- 
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Table 11. Estimated contribution of the workplace to annual 
RSP, ETS particle and nicotine exposures for all working subjects 


Cell 

RSP 

% 

ETS particles 
% 

Nicotine 

% 

3 (SH. SW) 

28 (18) 

38(32) 

42 (26) 

4 (SH, NSW) 

19(12) 

29(33) 

15(21) 

5 (NSH, SW) 

30(19) 

56(34) 

59(24) 

6 (NSH, NSW) 

23(19) 

32 (26) 

38(22) 


Contributions are reported as the mean (SD in parentheses) of 
percent annual PIQs at work for all subjects. PIQs were calculated 
assuming measured concentrations from each individual subject's 
monitors were maintained throughout the year, and the subjects 
spent 35 h per week and 48 weeks per year at work. 

SH = Smoking household; NSH = non-smoking household: SW = 
smoking workplace; NSW = non-smoking workplace. 


ies, are not the most appropriate relative comparators. 
Personal exposure models could be developed based upon 
probabilistic methods (e.g. Monte Carlo analysis), partic¬ 
ularly if the data provided by personal monitoring studies 
are to be used for the assessment of relative health risks. 


It was also possible, by applying the same criteria used 
for the calculations in table 10, to estimate the contribu¬ 
tion of the workplace to overall annual exposure for each 
subject, A summary of these estimates, expressed as the 
mean percent contribution (standard deviation in paren¬ 
theses) by Cell, is presented in table II. For subjects 
exposed at home and at work, these estimates show that 
the workplace would contribute an average of approxi¬ 
mately 40% of annual exposure to nicotine and ETS parti¬ 
cles. Offices in Beijing where smoking was allowed were 
estimated to be a major contributor to annual ETS expo¬ 
sure. For the largest group of workers in this study, those 
from non-smoking homes, mean annual ETS contribution 
from those workplaces was between 56 and 59%. 
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